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Background: Urinary Tract Infection (UTI) is one of the most common reasons for human to seek medical advice and is also one of 
the most frequently occurring nosocomial infections. Nosocomial UTIs are almost exclusively complicated with a broad spectrum of 
etiological pathogens. Escherichia coli remains the predominant uropathogen (80%) isolated in community-acquired infections.
Objectives: The aim of this study was to determine the local incidence of UTIs, identification of Uropathogenic E. coli (UPEC), serotyping 
and strains antimicrobial resistance of E. coli isolated from these patients.
Patients and Methods: In this prospective cross-sectional study, in order to isolate and identify bacterial agent (UPEC) causing UTI and to 
identify it’s sex and age distribution, a total 150 urine samples through simple random sampling method were analyzed for identification 
of bacterial isolates. Lactose fermenting colonies on MacConkey’s agar were processed and identified as E. coli by standard biochemical 
tests. Antibiotic susceptibility tests were performed with disk diffusion tests using Kirby-Bauer method on E. coli isolated from 110 cases 
with UTI aged from 1 year to 85 years and serotyping achieved by slide agglutination method. All data analyzed using SPSS-21 software.
Results: Majority of UPEC belonged to serotype O1, O2, O4, O20, O25, O44, O64 and O78. Majority of the isolates were resistant to routinely 
used antibiotics amoxicillin, cotrimoxazole, tetracycline and gentamicin. Most of the isolates were sensitive to nalidixic acid, ciprofloxacin, 
nitrofurantoin and ceftazidime.
Conclusions: The present study revealed that serotype O25 was isolated with maximum frequency followed by O2, O6, O1, O78, O44, O20 
and O64 respectively.
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1. Background
Urinary tract infections are one of the most common 

types of bacterial infections in humans occurring both 
in the community and the health care settings and ranks 
high amongst the most common reasons that compel 
an individual to seek medical attention [1, 2]. Urinary 
tract infection is emerging as an important community 
acquired and nosocomial bacterial infection. Moreover, 
antimicrobial resistance to various classes of antimicro-
bials continues to be major health problem in different 
parts of the world [3-6]. 

Escherichia coli is the most common pathogen associat-
ed with Urinary Tract Infection (UTI) [7]. E. coli that are as-
sociated with UTI are commonly named uropathogenic 
isolates, although there is evidence that different pathot-
ypes may be related to UTI [8]. Antimicrobial resistance 
among UPEC shows considerable variations during dif-
ferent time periods and in different areas. The problem 
becomes further complicated with the emergence of ex-
tended-spectrum beta-lactamase (ESBL) producing UPEC 

[9, 10]. Fifty percent of all women will experience at least 
one time UTI in their lifetime and, of those, about 25% will 
have one or more recurrent infections [11]. The structure 
of the females urethra and vagina makes it susceptible 
to trauma during sexual intercourse as well as bacteria 
been massaged up the urethra and into the bladder dur-
ing pregnancy and or child birth [1, 2]. Host factors such 
as the epithelial cell receptivity are also important in the 
infection process. Although fungi and viruses are occa-
sional etiological agents, UTIs are predominantly caused 
by bacteria. The most common bacteria implicated as 
causative agents of UTI generally originate in the intes-
tine and the major etiological agent, Uropathogenic E. 
coli (UPEC), is responsible for approximately 90% of all 
UTIs [12].

Extremes of age, female gender, pregnancy, instrumen-
tation, UTI, neurologic dysfunction, renal disease and 
expression of A, B, and H blood groups oligosaccharides 
on the surface of epithelial cells are predisposing factors 
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for the development of UTIs [1]. E. coli strains are normally 
identified by serological typing of their H (flagellar), O 
(lipopolysaccharide) and in some cases, K (capsular) sur-
face antigens. Since, 176 O-serogroups had been described 
for E. coli [12]. In UPEC, the O-serogroups is related to the 
virulence factor profile of each strain. Previous studies re-
ported that O1, O2, O4, O6, O7, O8, O15, O16, O18, O21, O22, 
O25, O75 and O83 sero-groups are preferentially associ-
ated with UPEC strains [13, 14]. Treatment of UTIs caused 
by this bacterium often requires antimicrobial therapy. 
Several studies showed that antibiotic resistance in UPEC 
is increasing in these days [15, 16].

2. Objectives
Despite the high prevalence of UTI very few studies have 

been conducted to determine the prevalence of various 
serotypes of E. coli this study was carried out for determina-
tion of sero-groups, and antimicrobial resistance proper-
ties of UPEC strains isolated from patients with UTIs in Iran.

3. Patients and Methods
This prospective cross-sectional study was conducted in 

the Department of Microbiology, Islamic Azad University 
of Lahijan, between January 2012 and January 2013. Urine 
samples were collected from patients admitted to Razi, 17 
Shahrivar and Poursina hospitals in Rasht (North of Iran). 
Cases showing pyuria and significant bacterial growth on 
culture were included in the study. Women with symp-
toms of uncomplicated lower UTI were eligible for inclu-
sion. Briefly, besides women with uncomplicated cystitis, 
patients with recurrent UTI (≥ 3 episodes in the last year) 
as well as pregnant and diabetic women were included. 
Patients with upper UTI, concomitant or prophylactic an-
timicrobial treatment within 15 days before inclusion in 
the study, history of renal impairment, and anatomical 
and functional urinary tract abnormalities were exclud-
ed. These patients did not include those who were on an-
tibiotics a week before the samples were collected.

A total of 110 E. coli strains were isolated with UTIs symp-
toms (70 females and 40 males). In this study, age groups 
of patients were between 1 - 85 years old. Bacterial count 
was more than 105/mL in freshly voided midstream urine 
samples. These samples were processed on blood agar 
and MacConkey medium (Merck Co. LTD. Germany) with 
a standard loop and were incubated at 37°C overnight 
and observed for growth through formation of colonies. 
All isolated bacteria and lactose fermenting colonies on 
MacConkey’s Agar (MA) showing significant bacteriuria 
were processed and identified as E. coli by standard bio-
chemical tests.

3.1. Serotyping
Slide agglutination was performed according to the 

manufacturer’s guidelines for the Kit (Mast Co., UK and 
Sifin Co., Germany). At the beginning, heat treated sus-
pension of the organism was prepared and labeled as an-

tigen suspension, one loop full of this suspension were 
placed on a microscopic slide. One drop of antiserum was 
placed on one drop of suspension and one drop of nor-
mal saline was placed on the other, which served as con-
trol. The regents were mixed by titling back and forth for 
60 seconds while viewing it under indirect light against 
a dark background.

Distinct clumping or agglutination within this period, 
along with absence of clumping in the saline control, was 
regarded as positive result.

3.2. Antibiotic Susceptibility Testing
The antibacterial susceptibility testing of the isolates 

was done using the Kirby-Bauer disk diffusion method. 
According to the definition of the Clinical and Laborato-
ry Standards Institute (CLSI) using antibiotics containing 
discs from Oxoid. Briefly, 20 mL of Mueller-Hinton agar 
(Merck Co. Ltd, Germany) was prepared and poured into 
sterile plates.

The agar medium was allowed to solidify at room tem-
perature on a flat bench. Then some few colonies of an 
18 hours culture of the isolates were streaked on the sur-
faces of the well-dried agar plates. Then some antibiotic 
discs were gently and firmly placed on the agar plates, 
which were then left at room temperature for 1 h to al-
low diffusion of the antibiotics into the agar medium. 
The plates were then incubated at 35 – 37°C for 24 h. Zones 
of growth inhibition were then measured to the nearest 
millimeter and recorded. The mean of triplicate results 
was taken as the zone diameter. The antibiotics discs 
used were ciprofloxacin, nitrofurantoin, amoxicillin, co-
trimoxazole, tetracycline, gentamicin, nalidixic acid, and 
ceftazidime. Isolates were classified as either resistant 
or intermediate sensitive or sensitive based on the defi-
nition of the Clinical and Laboratory Standard Institute 
(CLSI, 2006) and accordance with WHO requirements [17]. 
E. coli ATCC25922 was used for quality control purposes.

Statistical analysis was performed using SPSS-21 soft-
ware. Descriptive analyses were done for parametric 
and nonparametric variables. χ2 test was used for evalu-
ation of correlation between antibiotic resistant pat-
terns, and clinical diagnosis with serotype. Relation-
ship between age group and gender of the patients and 
serotype was analyzed by t-test. P-Value ˂ 0.05 were con-
sidered as statistically significant.

4. Results
Totally, 110 strains of E. coli were isolated from urine 

samples with UTI, and aged one year to 85 years. The fe-
male to male ratio was 1.75, with 63.6% of the patients be-
ing females, uncomplicated UTI was diagnosed in 49%, 
pyelonephritis in 17.3%, cystitis in 16.4%, and Pyrexia of 
Unknown Origin (PUO) in 9.1% and prostitutes in 8.2% of 
these patients.

Serotyping of the 110 studied strains revealed that they 
belong to diverse serogroups. Eighty-two (74.5%) were O-
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Figure 1. Clinical Manifestations of Patients With Urinary Tract Infection
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Figure 2. Serotypes of UPEC Strains Isolated From Patients With Urinary 
Tract Infection
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Figure 3. Antibiotic Resistance of UPEC Strains Isolated From Patients 
With Urinary Tract Infection

antigen typeable, 28 (25.5%) were non-typeable because 
they did not react with any of the antisera used. Eighty 
two typeable strains belonged to serotypes O1, O2, O6, 
O20, O25, O44, O64 and O78. In total, O25 and O2 respec-
tively with 39.1% and 14.5% had a highest and O20, O64, 
O44, O78, O6 and O1 respectively with 1.8%, 1.8%, 2.7%, 3.6%, 
5.5% and 5.5% had a lowest prevalence of UPEC serogroups.

The disk diffusion method in Mueller-Hinton agar 

showed that the UPEC serogroups had 68.2%, 60%, 60%, 
50.9%, 47.3%, 43.6%, 43.6% and 41.8% resistance to amoxi-
cillin, cotrimoxazole, tetracycline, gentamicin, nalidixic 
acid, ciprofloxacin, nitrofurantoin and ceftazidime re-
spectively. Highest resistance to amoxicillin (68.2%) was 
and lowest resistance to ceftazidime (41.8%) (Figure 1). In 
this study, the differences between gender, age groups 
and frequency of UPEC were statistically significant (P = 
0.01). Also, the differences between clinical manifesta-
tions, age groups and frequency of UPEC were statisti-
cally significant (P < 0.05). There was statistically signifi-
cant correlation between serotypes of UPEC (P = 0.01). The 
present study indicated that there was no correlation be-
tween antibiotic resistance of UPEC serotypes compared 
with age of patients with exception of ciprofloxacin, 
nitrofurantoin and nalidixic acid (P < 0.05). There was 
statistically significant correlation between clinical man-
ifestations and antibiotic resistance of ciprofloxacin, ni-
trofurantoin and ceftazidime (P < 0.05).

5. Discussion
UTI was present in 110 (73.33%) of our patients. A total 

of 110 clinical isolates, 70 (63.6%) and 40 (36.4%) of cases 
were females and males, respectively. Among these 110 
cases, the most frequent of UPEC strains among patients 
were older than 60 years of age than for others and the 
lowest rate of frequency belonged to 41 - 50 age groups. 
In this investigation, it was indicated that uncompli-
cated UTI was the most frequents of clinical manifes-
tations. The assessment of serotyping profile between 
UPEC strains serotype O25 was the highest value and 
serotypes O20 and O64 showed the lowest rate. In as-
sessing the association between antibiotic susceptibil-
ity pattern indicated that high resistance rates to amoxi-
cillin (68.2%) and the rate of ceftazidime resistance was 
found to be low (68.2% of the isolates).

Our results indicated that the UPEC can be a major caus-
ative agent for UTIs in humans in Iran and this finding 
was similar with previous study which mentioned that 
150 million people are diagnosed with UTI annually. In 
addition to this, our study showed that resistance pat-
tern of UPEC strains to antimicrobial drugs has increased 
significantly and this is similar to previous study [18]. In 
the present study, E. coli strains showed high resistance 
to amoxicillin 68.2%, cotrimoxazole 60%, tetracycline 
60% and gentamicin 50.9% while being very susceptible 
to ceftazidime 58.2%, nitrofurantoin 56.4%, ciprofloxacin 
56.4% and nalidixic acid 52.7%.

These results show that UPEC strains in Iran have be-
come sufficiently resistant to treatment with amoxicil-
lin, fluoroquinolones and trimethoprim-sulfamethoxa-
zole, as to render their use contraindicated. In the past, 
trimethoprim-sulfamethoxazole was used as the stan-
dard antibiotic for a calculated UTIs therapy and due 
to the increased resistance of UPEC strains to this class 
of antibiotics, fluoroquinolones as broad-spectrum 
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antimicrobial agents have been used with increasing 
frequency in complicated as well as uncomplicated 
UTIs [19], but after a short time resistance to fluoroqui-
nolones was emerged [20]. Previous study showed that 
more than 10% of the E. coli isolated in 2000 - 2002 from 
inpatients in European and North American were re-
sistant against ciprofloxacin [21], while this amount of 
resistance was increased significantly in our study. The 
reasons for this finding are not clear, but may be related 
to differences in rates of antibiotic exposure, comorbid-
ities and/or differences in antibiotic metabolism across 
different patient populations.

We studied types of O-antigen in UTI isolated E. coli 
strains. Totally, 82 samples were positive for one type 
of O antigen, with the most common of them were O25 
(39.1%) and O2 (14.5%). E. coli strains were classified based 
on various types of O-antigen for the first time by Kauff-
mann-White 176 types of O-antigen have been detected 
till now. Various studies have been conducted in other 
centers for serotyping of uropathogenic E. coli. One of 
the earliest studies was conducted by Korsakov and 
Birch-Andersen. Their study on O, K and H serotype de-
termination of 267 E. coli strains in patients with pyelo-
nephritis or cystitis led them to consider some O, K and 
H types, for example, O6: K2: H1 as pyelonephritis asso-
ciated types and O6: K13: H1 as cystitis associated types. 
In that study, O6 was commonly seen in patients with 
both pyelonephritis and cystitis [22]. In this study, there 
was no significant correlation between cystitis and/or 
pyelonephritis and the type of O-antigen. In a study 
by Blanco et al. most uropathogenic E. coli serogroups 
belonged to O1, O2, O4, O6, O9, O18, O27, O73, O57, and 
O77 [23]. It seems that strains belonging to these sero-
groups possess specific virulence factors which confer 
on their special invasive ability. Our results almost sup-
port this theory.

The most common type of O antigen was O2, O4 and 
O6 [23]. Serotype O101 was found to be the commonest 
serotype of uropathogenic E. coli causing UTI in two 
studies from India [24, 25]. Vranes et al. examined 160 
E. coli strains isolated from UTI 75.6% belonged to one of 
the fifteen serogroups O1, O2, O4, O5, O6, O7, O8, O9, O11, 
O15, O17, O18, O25, O50 and O75 while 24.4% were O-non-
typable. Predominant serotypes were O2, O4 and O6 
[26]. In Mexico City by Molina-Lopez et al. 119 E. coli iso-
lates were tested and serotypes belonged to O1, O2, O6, 
O18 and O75 [27]. In a study by Zhao et al. serotyping of 
the uropathogenic strains revealed that 124 (61%) were 
O-antigen typeable and 78 (39%) were O-antigen non-
typable. O type O1 (35 isolates) was the most prevalent 
among the typeable strains [28]. Although serotype O6 
was the most common type found in many studies. In 
our present study, O25 and O2 were the most common 
type. In the present study, no correlation was seen be-
tween type of O antigen and antibiotic resistance. This 
is the first report of E. coli serotyping in human with UTI 
from North of Iran.
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